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9.  OUTLINE  OF  PROBLEMS  STUDIED  AND  SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS: 

The  purpose  of  the  research  performed  under  this  contract  was  to  eliminate 
the  influence  of  collisions  on  the  infrared  multiphoton  excitation  of  poly¬ 
atomic  molecules  as  much  as  possible,  and  to  study  the  exchange  and  distribu¬ 
tion  of  energy  within  an  isolated  polyatomic  molecule. 

The  results  are  best  summarized  in  four  categories: 

a.  Collisionless  Excitation  and  Dissociation  of  Small  Molecules 

In  most  previous  work  on  the  infrared  multiphoton  excitation  of  small 
molecules,  the  influence  of  collisions  could  not  be  ruled  out.  Experiments 
have  now  been  completed  for  OCS,  NO2 ,  NHj,  DNj  and  SO2  with  verified  collision¬ 
less  excitation,  using  the  rather  unique  high-power  picosecond  CO2  laser  system 
developed  at  Harvard.  The  results  show  that  there  exists  a  gradual  transition 
from  the  regime  of  discrete  states  in  small  molecules  to  the  so-called  quasi¬ 
continuum  regime  in  large  molecules,  where  the  excitation  shows  a  strict 
fluence  dependence.  For  triatomic  molecules  it  was  found  that  most  of  the 


molecules  remain  unexcited,  whereas  a  small  fraction  may  be  excited  in  a 
multiphoton  process.  The  excitation  is  therefore  predominantly  determined  by 
the  intensity.  For  intermediate-size  molecules,  up  to  10  atoms,  both  inten¬ 
sity  and  fluence  play  a  role. 

b.  Infrared-Infrared  Double  Pulse  Spectroscopy  with  Picosecond  Resolution 

Using  two  synchronized  50  ps  pulses  from  two  independently  tunable  C02 
lasers,  pump-probe  experiments  have  been  performed  on  pentaf luorobenzene . 

This  molecule  has  two  infrared  active  modes  which  are  accessible  to  the  Co2 
laser  wavelengths,  and  therefore  allows  a  direct  investigation  of  the  intra¬ 
molecular  vibrational  energy  redistribution  between  different  infrared  modes. 
The  results  indicate  an  extremely  rapid  equilibration  (<  50  ps)  of  absorbed 
energy  among  the  two  modes.  The  final  distribution  of  energy,  moreover,  is 
consistent  with  thermal  (statistical)  heating. 

c.  Infrared  Multiphoton  Excitation  of  Optically  Excited  N02  Molecules 

Although  ground  state  N02  molecules  do  not  interact  with  C02  laser  radia¬ 
tion,  optically  excited  N02  molecules  do  interact.  The  dynamics  of  infrared 
multiphoton  excitation  were  studied  systematically  by  varying  the  optical 
excitation  energy  and  thereby  the  preparation  of  the  molecule  in  a  well-defined 
energy  region  (just)  below  the  dissociation  threshold.  This  has  made  possible 
the  first  direct  observation  of  the  final  dissociative  step  in  the  excitation 
and  also  the  first  observation  of  stimulated  infrared  multiphoton  emission 
processes.  The  results  again  show  that  intensity  effects  play  an  important 
role,  except  for  the  last  dissociative  transition,  which  obeys  Fermi's  Golden 
Rule  very  well.  Estimates  of  the  density  of  vibrational  states  are  too  low, 
however,  to  satisfy  the  conditions  for  a  quasicontinuum.  Apparently,  rota¬ 
tional  selection  rules  do  not  hold  in  the  highly  excited  states,  and  the 
effective  density  of  states  may  be  several  orders  of  magnitude  higher  than 
estimated,  giving  rise  to  the  observed  behavior. 

d.  Time-Resolved  Raman  Spectroscopy  of  Infrared  Multiphoton  Excited  SF^ 

Infrared  multiphoton  excitation  followed  by  an  intense  ultraviolet  light 
pulse  provides  a  means  of  directly  observing  the  transfer  of  vibrational  exci¬ 
tation  from  infrared  to  Raman  active  modes.  Detailed  experiments  have  been 
performed  for  SFg,  opening  the  door  to  a  more  quantitative  study  of  infrared 
multiphoton  excitation  and  the  physical  understanding  of  intramolecular  energy 
redistribution. 

The  results  show  that  redistribution  of  energy  occurs  even  under  collision¬ 
less  conditions.  Comparison  with  photoacoustic  results  obtained  earlier  shows 
that  (within  experimental  accuracy)  there  is  equipartitioning  among  the 
various  modes  (intramolecular  equilibrium).  The  redistribution  of  energy 
persists  even  at  very  low  infrared  fluence,  when  the  average  absorption  per 
molecule  is  reported  to  be  below  one  infrared  photon.  This  indicates  that  the 
lntermolecular  distribution  is  far  from  equilibrium,  with  a  few  molecules  being 
highly  excited  while  the  majority  remains  virtually  unexcited.  These  recent 
experiments  provide  a  new  handle  on  the  study  of  intramolecular  dynamics. 
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ing  time  Tj  of  the  fl(3)  vibration-rotation 
transition  of  HCI  is  measured  lo  be  Tj  x  p  » 
'  21.5  psec  X  bar  in  the  pressure  range  p  »  0.5 
to  3  bar.  in  good  agreement  with  spectro¬ 
scopic  data.-1  The  theoretical  predictions  for 
al  <  1  are  verified  studying  HCI:Ar  mixtures 
with  a  total  pressure  of  3  bar.  Collective 
beating  of  two  neighboring  isotopic  species 
(CVH1  and  Hf'Cl)  is  directly  observed  for  the 
first  time  known  in  coherent  pulse  propaga¬ 
tion.4  The  measured  beating  period  of  15.0 
±  0.3  psec  is  in  excellent  agreement  with 
theoretical  and  spectroscopic  numbers  for  the 
isotopic  line  splitting. 

In  summary,  we  show  that  quantitative 
information  can  be  substracted  from  studies 
of  coherent  pulse  propagation  on  the  pi¬ 
cosecond  time  scale.  Small-area  pulses  are 
found  to  be  particularly  well  suited  because 
of  the  linear  intensity  dependence  The 
potential  of  the  technique  is  elucidated. 
(12  min.) 

1  M  D  Crisp,  Phvs  Rev.  A  1, 1604  (1970). 

J  H  P  Grieneisrn.  J  Goldhar.  N  A  Kurnit.  A. 
Javan,  and  H  R.  Srhlnmherg.  Appl  I'hys.  Lett.  21, 
5 59  (1972);  S.  M.  Hamadani.  J.  Goldhar.  N.  A. 
Kurnit.  and  A.  Javan.  Appl.  Phvs.  Lett.  25.  160 
(1974) 

’H  -J.  Hartmann  and  A.  Laubereau.  Opt.  Commun. 
47, 117  (1983). 

4H-J.  Hartmann.  K.  Bratengeier,  and  A.  Lau¬ 
bereau,  to  be  published. 


ThCC4.  Self-Transparency  Effects  in 
Nonlinear  Light-Scattering  Inhomo¬ 
geneous  Media  and  Their  Possible  Use  in 
Lasers,  G.  B.  Altshuler,  V.  S.  Ermolaev,  K. 
I.  Krilov,  A.  A.  Manenkov,  and  A.  M.  Pro¬ 
khorov,  Academy  of  Sciences  of  the  USSR, 
General  Physics  Institute,  117942  Moscow, 
Vavilov  Street  38,  USSR. 

Transmission  of  intense  laser  beams  through 
heterogeneous  scattering  media  is  considered. 
The  laser-induced  transparency  effects 
(suppression  of  scattering)  in  such  media  due 
to  compensation  of  the  linear  refractive-index 
difference  Ani.  of  heterocomponents  of  a 
medium  by  nonlinear  change  Anm.  for  dif¬ 
ferent  mechanisms  of  nonlinearity  are  pre¬ 
dicted  and  experimentally  observed.  Ap¬ 
plications  of  these  effects  in  lasers  (for  Q 
switching,  mode  locking,  etc. )  are  discussed, 
l  Invited  paper,  25  min.) 
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ThDDl.  Time-Resolved  Raman  Spec¬ 
troscopy  of  Infrared  Mulliphoion  Excited 
Molecules,  E.  Mazur,  I.  Burak.’  and  N. 
Rloembergen,  Division  of  Applied  Sciences, 
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Harvard  University,  Cambridge,  Massa¬ 
chusetts  02138. 

Previous  investigations  have  shown  that  in¬ 
frared  multiphoton  excited  polyatomic  mol¬ 
ecules  (re)distribute  the  absorbed  infrared 
energy  among  their  different  vibrational  de¬ 
grees  of  freedom.  Mulliphnton  excitation  of 
an  infrared  mode  therefore  alters  the  exci¬ 
tation  of  other  modes,  including  Raman- 
active  modes.  From  the  change  in  Roman 
signals  one  can  thus  obtain  information  on 
the  intramolecular  vibrational  distribution 
produced  by  infrared  multiphnton  excita¬ 
tion. 

A  typical  experimental  result,  obtained  for 
SF«  at  1  Torr  and  room  temperature,  is  shown 
in  Fig.  ThDDl-1.  The  Stokes  and  anti- 
Stokes  signals  are  measured  relative  to  the 
thermal  Stokes  signal  and  are  plotted  here  as 
a  function  of  the  delay  between  exciting  in¬ 
frared  pulse  and  probing  ultraviolet  pulse. 
After  an  initial  rise,  which  in  this  particular 
measurement  is  limited  by  the  18-nsec  du¬ 
ration  of  the  probe  pulse,  the  signals  remain 
constant.  A  similar  behavior  is  oltserved  over 
a  large  range  of  pressures  (0.1  to  1  Torr),  time 
scales  (20  nsec  to  4  psec)  and  infrared  laser 
fluences  (0.02  to  1  J/cm2).  Since  the  infrared 
excitation  occurs  under  collisionless  condi¬ 
tions  (exciting  pulse,  0.5  nsec),  and  the 
probing  is  performed  in  both  collisions!  and 
collisionless  regimes,  the  constant  behavior 
indicates  that  collisionless  infrared  multi- 
photon  excitation  creates  an  intramolecular 
vibrational  distribution  close  to  thermal 
equilibrium. 

In  Fig.  ThDDl -2  the  dependence  of  the 
signals  on  the  infrared  laser  fiuence  is  shown 
for  various  pressures.  The  fact  that  there  is 
no  dependence  on  pressure  is  another  indi¬ 
cation  that  collisions  do  not  alter  the  intra¬ 
molecular  distribution. 

Small  changes  in  Raman  signal  have  been 
observed  at  infrared  laser  fluences  as  low  as 
0.015  J/cm2,  where  the  average  absorption 
per  molecule  is  known  to  be  below  one  in¬ 
frared  photon  per  molecule.  Since  colli¬ 
sionless  redistribution  of  energy  can  only 


Fig.  ThDDl -1.  Intensity  of  Stokes  and 
anti-Stokes  signals  as  a  function  of  the  time 
delay  t  between  pump  and  probe  pulses, 
measured  relative  to  the  thermal  Stokes  sig 
nal.  The  average  fiuence  of  the  infrared 
pump  laser  is  0.34  J/cm2.  The  risetime  in  t  he 
curves  reflects  the  18-nsec  FW'HM  duration 
of  the  probe  pulse. 
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Fig.  ThDDl -2.  Relative  Stokes  (open 
symbols)  and  anti-Stokes  (dosed  symbols) 
signals  versus  infrared  laser  fiuence  T  for 
various  pressures.  O • ,  1.05  Torr;  •.  0.50 
Torr;  0.52 Torr;  A.  0.1 1  Torr. 


occur  at  relatively  high  levels  nt  excitation, 
this  indicates  that  even  nt  these  very  low 
fluences  some  molecules  undergo  multipho¬ 
ton  excitation,  while  others  remain  unexcited. 
Hence  the  intcrmoleculnr  vibrational  distri¬ 
bution  differs  significantly  from  an  equilib¬ 
rium  distribution. 

From  the  ratio  between  Stokes  and  anti- 
Stokes  signals  one  can  furthermore  deter¬ 
mine  the  total  energy  stored  in  the  Raman- 
active  mode,  which  in  turn  can  he  compared 
with  the  energy  in  other  modes,  obtained  in 
a  similar  way,  and  to  the  total  amount  of  ab¬ 
sorbed  laser  energy,  known  from  pho¬ 
toacoustic  measurements.  Such  a  compari¬ 
son  has  been  carried  out.  and  experimental 
results  for  several  molecular  systems  are 
discussed.  (12  min.) 

•  Permanent  address  Department  of  Chemistry  . 
Trl  Aviv  Universal,  Tel  Ai  iv.  Isrnel 

ThDD2.  Determination  of  the  H  4  D2 
Product  State  Distribution  Using  a  Novel 
Laser  Ionization  Mass  Spectrometer.  E. 
E.  Marinero  and  C.  T.  Rettner.  IRM  Re¬ 
search  Laboratory.  Department  K46/282, 
5 600  Cottle  Road.  Son  Jose,  California 
98193,  and  R.  N.  X.-ire.  Department  of 
Chemistry,  Stanford  I  'mversit\,  Stanford, 
California  91303. 

The  hydrogen  atom  exchange  reaction  H  4 
Ha  -*  Hj  4  H  and  it6  isotopic  analogs  are  of 
fundamental  importance  to  the  field  of 
chemical-reaction  dynamics  However,  this 
thermoncutral  system  has  a  large  activation 
harrier  and  only  a  small  reaction  cross  sec¬ 
tion.  In  addition,  the  reaction  products  are 
difficult  to  detect  using  standard  la«er  tech¬ 
niques.  These  facts  have  until  recently 
hindered  efforts  to  dnermine  the  nascent 
quantum-state  distributions  for  these  reac¬ 
tions. 

We  report  on  a  novel  lasrr-hased  approach 
for  studying  these  reactions  and  have  ob¬ 
tained  the  state  distribution  for  the  HD 
product  as  well  as  delected  nascent  I)  atoms 
in  the  H  4  D;  reaction  at  a  collision  energv  of 
—1.3  eV. 

Our  method  comprises  three  important 
elements:  tal  Fast  H  atoms  are  produced  hv 
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